Certain dietary, physical activity, and sedentary behaviors have been studied extensively and consistently have been found to be associated with childhood overweight and obesity Productive sedentary-to-light activity pursuits may enhance the relationship among positive health behaviors. The purpose of this study was to identify the prevalence of overweight and obesity in a population of adolescents participating in a creative, problem-solving afterschool program and to identify the physical activity, sedentary, and dietary behaviors related to overweight and obesity in this group. This study describes health behaviors thought to be related to weight status for 1679 adolescents in grades 6 -12 participating in a competitive, creative, team-oriented, problem-solving afterschool program. Self-reported dietary, physical activity, and sedentary behavior data were collected in this convenience sample based on the 2007 Youth Risk Behavior Survey. Measured height and weight data were collected to calculate BMI percentile. Using multinomial regression, models were constructed to predict the likelihood of being classified as overweight/obese. The prevalence of overweight in the study population was 15.6%, obese was 11.4%. Fruit/vegetable intake, milk consumption, moderate-to-vigorous physical activity, television time, and total screen time were all independently associated with weight status. After controlling for all covariates, male gender, minority racial/ethnic status, and high screen time while not meeting the physical activity recommendation significantly increased the likelihood of overweight/obesity. The participants in the current study are leaner and engage in healthier behaviors compared to national data for adolescents. The interactive variable combining both sedentary and PA measures is a relatively new technique used to provide a better understanding of the relationship between sedentary and physical activity behaviors as they relate to weight status. Even among healthy eating, physically active, low-risk adolescents, the interactive variable of physical activity and screen time strongly was associated with weight status.
Introduction
Childhood overweight and obesity has been identified as a national public health priority and described as an epidemic of this century [1, 2] . According to the National Health and Nutrition Examination Survey (NHANES) using data from [2003] [2004] [2005] [2006] 16 .5% of adolescents, ages 12 -19 , are classified as overweight while17.6% of adolescents are obese [3] . There are numerous immediate physical [4, 5] and psychosocial [2, 6] consequences of childhood obesity ranging from metabolic disorders such as Type 2 diabetes and cardiovascular disease to psychological consequences such as low self-esteem and depression. Many of these negative consequences continue into adulthood. Adolescents who are overweight or obese are more likely to be overweight or obese as adults and are at an increased risk of mortality from all causes [7] . Thus, interventions in youth are likely to prevent obesity and its deleterious complications.
Certain dietary, physical activity, and sedentary behaviors have been studied extensively and consistently have been found to be associated with childhood overweight and obesity [1, 2, 6, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . Common dietary behav-iors associated with childhood obesity include consumption of fruits, vegetables, soda, and milk. Physical activity is another important determinant of weight status. According to the 2008 Physical Activity Guidelines produced by the US Department of Health and Human Services [20] , the current physical activity recommendation for children and adolescents is 60 minutes of moderate-to-vigorous physical activity daily. The 2007 Youth Risk Behavior Surveillance System (YRBSS) defines "meeting the PA recommendation" as accumulating 60 minutes or more of moderate-to-vigorous PA five or more days/week. Sedentary behaviors, like television watching and computer/video game time also have been linked to overweight/obesity in adolescents [12, 21] . Other sedentary pursuits, like homework, are actually positively associated with healthy weight status and obtaining sufficient levels of physical activity [22] . Productive sedentary pursuits (such as reading, doing homework, and computer use), part-time work, extra-curricular activities, and hobbies, not initially intended to increase physical activity, have been found to be associated with higher levels of physical activity and have been suggested as possible ways to treat adolescent overweight and obesity [1, 18, 22] .
Thus, it is possible that other after-school activities, besides sport and other physical activities, impact weight status. Accordingly, it was hypothesized that participation in a creative afterschool program would positively impact WS and health behaviors. To test this hypothesis, we studied a convenience sample of children grades 6 -12 participating in the Destination Imagination® (DI) program. DI is a creative, problem-solving program that requires team work in a competitive environment [23] . Teams of students participating in this program are given a multi-faceted problem to solve; they invest months of planning and research into solving the problem and also prepare a potential solution to be presented at the Global Finals.
The purposes of this paper were: 1) to identify the prevalence of overweight and obesity in a population of adolescents participating in a creative, problem-solving afterschool program, 2) to identify the physical activity (PA), sedentary, and dietary behaviors related to overweight and obesity in this population, and 3) to determine whether or not length of exposure to the program is related to weight status after controlling for dietary, PA, and sedentary behaviors.
Methods

Sample
This study is an analysis of cross-sectional data collected during the weeklong DI Global Finals in Knoxville, Tennessee. The DI Global Finals is a one-week event involving multiple problem-solving competitions among teams from across the world.
Eligible participants in this study were DI Global Finals participants (N = 6000) in grades 3 -12 who lived in the US Parental consent was obtained from 2843 (47.4%) participants either before they arrived at the DI Finals or at a data collection site during the Global Finals event.
For the current study, 2236 (78.6%) provided data resulting in an overall response rate of 37.3% for all DI Global Finals participants. This study focused on a subset of 1720 participants, grades 6 -12. Participants below grade 6 (N = 516) were excluded because data collected were restricted to only demographic and height/weight measures.
Data Collected
Each participant completed a short survey and had their height and weight measured directly. Human subject approval was granted from the University of Tennessee Institutional Review Board.
The survey used in data collection included demographic questions as well as eight dietary, two sedentary behavior, and three PA questions taken directly from the 2007 Youth Risk Behavior Survey (YRBS) [24] . The YRBS was developed by the Center for Disease Control and Prevention (CDC) to monitor priority health-risk behaviors, including the prevalence of obesity, dietary, sedentary, and PA behaviors of US youth.
The demographic questions assessed age, gender, grade, and race/ethnicity. A question pertaining to years of participation in the DI program was included. The dietary questions captured information about fruit juice, fruit, green salad, potato, carrot, other vegetable, soda, and milk consumption. From these questions three dietary measures were coded: 1) met fruit and vegetable (FV) recommendation (five servings/day)-yes/no, 2) drank three or more glasses of milk/day-yes/no, and 3) drank one or more sodas/day-yes/no. The two YRBS sedentary behaviors questions captured time spent watching television and time playing video games and on the computer (unrelated to school work) on an average school day, and were coded into having watched three or more hours/day of television/day (yes/no) and three or more hours/day of video/computer time (yes/no). Three YRBS physical activity questions were coded on: 1) met the physical activity recommendation (60 or more minutes of physical activity five or more days/week)-yes/no, 2) played on one or more sports teams/yearyes/no, and 3) attended PE five days/week-yes/no.
Additional variables also were coded: combined screen time (ST) and an interactive PA/ST variable. To create the ST variable, the television and video/computer variables were combined and broken into the following three categories: 1) low ST (<1 hour/day), 2) moderate ST (1 -3 hours/day), and 3) high ST (>3 hours/day). Interactive PA/ST combined the two PA recommendation categories (yes met/no did not meet) with the three ST categories (low, moderate, high) so that a new six-level measure was created: BMI was calculated from weight measured using Seca S-882 strain gauge digital scales and height measured using Seca S-214 Road Rod freestanding stadiometers. BMI percentile and BMI WS categories (normal is ≥5 and <85 percentile, overweight is ≥85 percentile, and obese is ≥95 percentile) were calculated and classified according to the CDC Growth Chart Training instructions [25] .
Research team members were trained during a two-day training session outlining correct CDC measurement [26] and survey administration protocols, data site logistics, and other issues, such as confidentiality.
Statistical Analysis
Chi-square statistics, using SPSS 16.0 statistical software (SPSS Inc., Chicago, IL), were used to report prevalence rates of overweight and obesity by demographic and health behavior measures. Multinomial regression, using SAS statistical software (SAS Institute Inc., Cary, NC), was used to test three different models using select demographic and behavioral factors to predict the likelihood of being classified as overweight and/or obese compared to normal weight status. Model one focused on determining odds risk ratios for all main effects of demographic, behavioral, and years of participation in the afterschool program. Model two examined the effects of combined ST with demographic, select behavioral, and years of participation in the afterschool program. Model three examined the interactive effect of PA and ST behaviors.
Results
The distribution of participants according to demographics and years of participation in the program is shown in Table 1 . Of the 1,679 participants, most were Non-Hispanic White (82.4%) and in middle school and female. The distribution of participants relative to their participation in the program was fairly even, with 22.8% of the participants reporting 5 or more years of participation. Table 2 presents select demographics by weight status categories, illustrating the distribution of normal weight, overweight, and obese participants. Overall, the percent age of participants in the study with a BMI percentile ≥85 was 15.6% (overweight); the percentage with a BMI percentile ≥95 was 11.4% (obese). More females than males were classified as normal weight, while fewer females were classified as overweight or obese (x 2 = 11.0; p = 0.004). Related to race, a higher proportion of minorities were overweight or obese (x 2 = 9.5; p = 0.009). There were no statistically significant differences between WS status distribution for middle school (MS) and high school (HS) or years of DI participation.
Overall, a low percentage of participants met the fruit and vegetable recommendation (32.0%), as found in Table 3. The participants were active, with 63% of middle school students and 47.6% of high school students meeting the PA recommendation and almost 74% of high school and 85.8% of middle school students reporting participating in at least one sport. Overall only 19.6% (16.8% middle school and 23.8% high school) accumulated more than three hours of ST (classified as high ST) on an average school day. Table 4 presents weight status by dietary, PA, and sedentary behaviors. Of the dietary behaviors associated with WS, milk consumption (x 2 = 6.4; p = 0.041) and FV intake (x 2 = 7.4; p = 0.024) were found to be statistically significant. Adolescents who met the fruit and vegetable recommendation were much more likely to be in the normal weight category. Also, adolescents who drank three or more glasses of milk/day were less likely to be in the obese category. Related to overweight and obesity, there were no statistically significant differences between the adolescents consuming one or more sodas/day and those not consuming one or more sodas/day. Adolescents meeting the PA recommendation (60+ minutes of PA five or more days/week) (x 2 = 15.1; p = 0.001) and playing on a least one sports team (x 2 = 6.6; p = 0.037) were more likely to be classified as normal weight and less likely to be obese. Video/computer game time (x 2 = 3.7; p = 0.160) was not independently associated with WS; however, adolescents who watched three or more hours/day of television were more likely to be overweight or obese (x 2 = 10.3; p = 0.006). Also, adolescents accumulating low ST (less than one hour/day) were much less likely to be overweight or obese compared to adolescents accumulating high ST (three or more hours/ Using multinomial regression analysis, three different models were constructed to test which demographics, dietary behaviors, PA, and sedentary behaviors were associated with increased likelihood of being classified as overweight/obese (see Table 5 ). Model I consists of main effect variables. Model II builds upon the previous model by adding combined ST. Model III advances the model by including the interactive measure of PA with ST. Across all three models, males compared to females were significantly more likely (38% -43%) to be overweight/obese. Other race/ethnic adolescents, compared to Non-Hispanic White adolescents, were significantly more ҂ Yes PA includes participants accumulating 5 or more days of 60+ minutes of physical activity/week while (meet the recommendation), No PA refers to participants accumulating less than 5 days of 60+ minutes of physical activity/week (do not meet the recommendation); Screen Time (ST) refers to combined ST categories described above. likely (44%) to be overweight/obese across all three models. Specific to model I, adolescents who did not meet the PA recommendation (OR = 1.45; 95% CI = 1.15 -1.83) and who watched more than three hours of television/day (OR = 1.46, 95% CI = 1.07 -1.99) were likely to be classified as being overweight/obese. Similarly in model II, adolescents not meeting the PA recommendation (OR = 1.43; 95% CI = 1.13 -1.81) and accumulating high ST (OR = 1.53; 95% CI = 1.09 -2.14) were more likely to be classified as overweight/obese. Model III, which tested associations with the interaction between PA and ST, found an increased likelihood of overweight/obesity among adolescents who did not meet the PA recommendation and accumulated moderate ST (OR = 1.57, 95% CI = 1.08 -2.27) or high ST (OR = 2.13; 95% CI = 1.38 -3.28). Length of participation in the program was not significantly associated with WS in any of the models.
Discussion
This study examined the association of diet, physical activity, and sedentary behaviors with overweight/obesity among middle and high school students from across the US, who participated in a competitive, creative, problem-solving, afterschool program. Overall, the participants in the current study are leaner and engage in healthier behaviors compared to reported national dietary, sedentary, and PA data for high school adolescents [10] . A lower proportion of the participants in the current study are overweight and obese compared to national data for high school and middle school (27.0% vs. 34.1% overweight and obese) [3] . This noticeably lower percentage of overweight and obesity for participants in the program compared to reported NHANES data was also found for females (23.9% vs. 33.3%), males(30.5% vs. 34.9%), and Non-Hispanic White adolescents (25.7 % vs. 33.1%) [3] .
Related to dietary measures, it appears that fruit and vegetable, milk, and soda consumption, after controlling for all other factors measured in this study, were not associated with weight status. However, meeting the fruit and vegetable recommendation and drinking three or more glasses of milk/day was found to be independently associated with weight status (see Table 4 ). These results are consistent with other studies that report a negative relationship between fruit and vegetable intake and overweight/obesity [10, 12, 16] . Several studies have shown an association between increased soda consumption and increased BMI [15, 17] , while another study did not report a significant relationship between soda consumption and BMI [19] Overall, the high school students in this sample, when compared to the high school YRBS estimates [8] , ate more fruit and vegetables and drank more milk and less soda than national statistics.
Accumulating 60 or more minutes of moderate-to-vigorous PA five or more days/week (meeting the PA recommendation) was both independently associated with weight status and remained significant after controlling for all covariates in the regression models, which suggests that meeting the PA recommendation is an important factor related to weight status. Although sports participation was significantly and independently associated with weight status, it was not significant in the regression models. One explanation is that when the adolescents reported the number of days they participate in 60 or more minutes of moderate-to-vigorous PA, they included time spent in sports participation. If so, it is not surprising that the response to this one sports participation question was not significantly associated with weight status in the regression models that included the variable measuring overall PA daily. In the current study we found a high level (80.9%) of sports participation, suggesting involvement in multiple extracurricular activities. Such involvement indicates social support for these adolescents, which may indirectly influence a variety of health behaviors including weight status, as discussed previously [27, 28] .
Overall, high school participants in the current study spent far less time engaging in sedentary behaviors, like television watching and video game/computer time (unrelated to school work), compared to national estimates from the high school YRBS [8] . Watching three or more hours of television per day was independently associated with weight status and was found to be significant in model I, while video/computer time was not. This supports the current literature that suggests television time may be more closely associated to overweight/obesity among adolescents [12, 22, 29] than video/computer time [21] . A potential underlying reason may include the increased caloric intake while watching television rather than television time alone [29] .
Combined ST was found to be independently associated with weight status and was significant in regression model II. Perhaps this significance is driven by television time and less dependent on video/computer game time (the later was not significant in Tables 4 and 5) . However, other studies report a positive relationship between increased ST (i.e. time spent watching television, playing video games, and/or using the computer) and increasing BMI [12, 21, 30] , which is consistent with these current findings.
It has been suggested that PA and sedentary are not mutually exclusive and that examining the interaction between these behaviors might provide better insights and perhaps be a better predictor of weight status [31, 32] . These results are consistent with a similar study among high school students [32] . Several interesting implications arise from this data. The results support the notion that some adolescents spend a substantial amount of time engaging in sedentary pursuits while still making time to engage in substantial amounts of PA, meaning it would be inaccurate to assume high sedentary adolescents exhibit low PA [22, 32] . Secondly, the findings may provide insight into better designed intervention studies aimed at preventing/treating childhood obesity. Such interventions might target increasing PA levels (to at least meet the PA recommendation), reducing ST to less than one hour/day, or both. For example, if the target group has no desire to increase their PA levels, perhaps they might be willing to reduce their ST. And importantly, the results indicate that PA may protect against overweight and obesity as ST increases. Also, if an adolescent is not physically active, accumulating very low ST might promote a healthy weight status.
This study suggests that participation in a creative, problem-solving, afterschool program, regardless of length of enrollment, does not appear to have an independent association with weight status, either independently or after controlling for all other covariates. However, without a control group and experimental groups measured at entry into DI at the local level, we are not able to classify DI as one of the "productive sedentary pursuits" that have been found to be associated with positive health behaviors.
This group of participants was unique, and it would be difficult to get access to another sample like this. It is recognized that this sample is not very diverse but it would be challenging to collect data for such a large sample size of adolescents from across the US participating in a productive pursuit like DI, not initially intended to increase moderate-to-vigorous PA. The height/ weight data used to calculate BMI were measured data, not self-reported. The interactive variable combining both sedentary and PA measures is a relatively new technique used to provide a better understanding of the relationship between sedentary and PA behaviors as they relate to weight status. Even among healthy eating, physically active, low-risk adolescents, the interactive PA/ ST variable was strongly associated with weight status.
Conclusion
In conclusion, the participants in this study had a lower prevalence of overweight/obesity and, in general, engaged in more positive health behaviors compared to national data. Even among these low-risk adolescents, the interaction between PA and ST, presented as an interactive measure, was strongly associated with weight status. The interaction between PA and ST can be used to identify different groups of adolescents and their risk of being classified as overweight and obese. DI exposure, as measured in the current study, does not appear to enhance the relationship of health behaviors related to overweight and obesity and weight status.
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